Angora does (56; 43 ± 0.7 kg initial body weight (BW)) consuming low quality forage, with single-or twin-kid litters, were used in a 120-day experiment (15 8-day periods) to determine effects of frequency of supplementation with soyabean meal (SBM) on performance in late gestation (92 ± 18 days in gestation initially) and early lactation. Prairie hay (crude protein 5.1% and neutral detergent fibre 70%) was consumed ad libitum without SBM (C), or SBM was offered at an average daily rate of 0.125% BW every 1, 4 or 8 days (1X, 4X and 8X, respectively). Ground maize was supplemented after kidding at 0.5-1.0% BW, and kidding was in periods 7-11, with approximately one-half of the does kidding before day 58. Average total dry matter intake over the entire experiment was lowest among treatments (P<0.05) for C (1.00, 1.25, 1.24 and 1.23 kg/day), and average forage intake was 0.79, 0.97, 0.96 and 0.94 kg/day for C, 1X, 4X and 8X, respectively (SE = 0.39). Body weight on day 31 was lower (P<0.05) for C vs X1, X4 and X8 (43.3, 46.0, 46.2 and 45.9 kg, respectively). On day 57, BW was lower (P<0.05) for C and 8X vs 1X and 4X (37.7, 41.5, 41.8 and 39.3 kg), and ranked (P<0.05) C < 8X < 1X and 4X on day 120 (31.5, 38.5, 37.7 and 34.7 kg for C vs X1, X4 and X8, re-4 A graduate fellowship for the first author was providedby the USDA Agricultural Research Service and for the USDA/SANPAD Project provided resource support 5
INTRODUCTION
Ruminants often consume forages low in digestibility and protein, particularly in developing countries during the dry season. To achieve desirable levels of animal performance, feedstuffs high in crude protein (CP) can be supplemented. However, in addition to the high cost of feedstuffs rich in CP, considerable labour is required with daily supplementation. Therefore, infrequent supplementation is of interest to livestock producers if performance is not markedly adversely affected.
There are many reports of acceptable performance by beef cattle with infrequent supplementation of feedstuffs high in CP. However, there have been less studies concerning effects with fibre-producing ruminants, in particular Angora goats that can exhibit greater fibre growth relative to body weight (BW) than sheep highly selected for wool growth (Litherland and Sahlu, 1996) . One of the few reports is that of Calhoun et al. (1988) , in which supplementation of male Angora goats consuming low quality forage with cottonseed meal every 1, 2, 3, 4 or 5 days did not influence mohair fleece production or fibre diameter. However, it is unknown if similar findings would occur with higher nutritional requirements of does in late gestation and lactation. Likewise, litter size also impacts nutrient needs. Therefore, objectives of this experiment were to determine effects of frequency of supplementation with soyabean meal on performance of Angora does consuming low quality forage in late gestation and early lactation with single-or twin-kid litters.
MATERIAL AND METHODS

Animals and treatments
Fifty-six mature Angora does (43 ± 0.7 kg initial BW) were initially used in the 120-day experiment (15 8-day periods), which began on January 12 and ended May 10, 2000. Angora bucks were placed with does from October 3 to November 12, 1999. Pregnancy and litter size were tested by ultrasonography. At 92 ± 18 days of gestation, does were allocated to eight groups (two groups per treatment), with similar means and variation within group and litter size (single or twin) for projected birth date and BW. Does were placed in eight 4 × 10 m pens. For the first 3 days after kidding, does and kids were moved to small temporary pens. Coarsely chopped prairie hay was offered daily in wooden feeders ad libitum (Table 1 ). The amount of hay offered was such that the amount remaining the next morning would be approximately 110% of that offered, in order to minimize selection. All does had free access to fresh water and trace mineralized salt blocks. On the last day of each 8-day period, orts were removed and weighed. Does were supplemented with soyabean meal (SBM) in separate feeders. Dietary treatments were no supplementation with SBM (C) and supplementation with SBM daily (1X) or every 4 (4X) or 8 days (8X). For the 4X treatment, SBM was offered on day 1 and 5 of the 8-day periods, and was given on day 1 for 8X. The daily rate of SBM feeding for 1X, 4X and 8X was 0.125% BW (DM); therefore, on days of supplementation 1X, 4X and 8X does received 0.125, 0.5 and 1.0% BW, respectively. In addition to SBM, after the first doe kidded on February 28 (day 49 in period 7), all does were supplemented with ground maize at 0.5% BW. Because of low doe BW and BW of kids at birth, the daily level of supplemental maize was increased from 0.5 to 1.0% BW on March 16 (day 65 in period 9) until the end of the experiment. It was initially planned to supplement does only after kidding until the end of the experiment with 0.5% BW of maize via temporary separation of gestating and lactating does within pens until all does had kidded. The changes were necessary because of lower hay quality than expected based on a sample and analyses conducted prior to the experiment. Does were treated for internal parasites (4 mL Ivomec; Merck Ag Vet Division, Rahway, NJ) on January 19 and received vaccinations on January 19 and February 28 for Corynebacterium pseudotuberculosis (2.5 ml U-Bac 8; Colorado Serum Co., Denver, CO). Kids received 2 ml of CD and T vaccine (Colorado Serum, Co., Denver, CO) on May 10.
Measurements
Does were weighed on day 0, 31 and 57, immediately after kidding and on day 120. On day 31 none of the does had kidded, whereas on day 57 approximately 50% had kidded; day 120 was 4 wk after the last doe had kidded. Kids were weighed at birth and on day 120.
Feedstuffs were grab sampled at the beginning of each 8-day period. Does were shorn 2 wk before and 2 wk after the experiment, and fleece was sampled. In addition, a 100 cm 2 patch on the left mid-side was clipped (Oster blade no. 40) on day 0, 57 and 120 to determine mohair growth and yield. Skin biopsy samples were taken close to the site of fibre patch samples with local anaesthesia at these times as well. Tissue samples were placed in cassettes and preserved in phosphate buffered formalin for a minimum of 48 h before analysis.
Ruminal fluid was sampled by stomach tube and blood via jugular venipuncture in periods 4 and 12 at approximately 4 h after feeding. All does were sampled on day 1 of the period, which was the day of supplementation for 1X, 4X and 8X. The day of the period for sampling C and 1X was not anticipated to influence ruminal fluid ammonia N or blood urea N or glucose concentrations. Conversely, to address likely differences among days for 4X and 8X, additional samples were taken on day 4 for 4X and 8X (3 days after supplementation) and day 7 for 8X (6 days after supplementation). Ruminal fluid (2 ml) was placed in a tube with 3 ml of 3 N HCl and frozen at -20ºC until analysis. Blood was collected in a tube containing heparin, chilled in ice for approximately 1 h and centrifuged at 1500 × g for 25 min at 4ºC.
Analyses
Feedstuffs were dried at 55EC for 48 h, ground in a Wiley mill to pass a 1 mm screen and anlaysed for DM, ash (AOAC, 1990) , CP (Technicon Instrument Co., Tarrytown, NY), neutral detergent fibre, acid detergent fibre and acid detergent lignin (filter bag technique; ANKOM Technology Corp., Fairport, NY). Ruminal fluid was analysed for ammonia by the phenol-hypochlorite colorimetric procedure of Broderick and Kang (1980) . Plasma was analysed for glucose and urea N via colorimetric assays with a Technicon AutoAnalyzer II System (Technicon Instruments, Tarrytown, NY).
Mohair patch samples were weighed and used to determine scoured (clean) yield and fibre diameter. Clean yield was calculated with a 11.23% adjustment for plant material not removed by scouring (ASTM, 1988) . Fibre diameter was measured with patch samples using an optical fibre distribution analyzer (OFDA 100; Zellweger Uster, Inc., Charlotte, NC). Clean staple length and strength were determined for fleece sampled on day 120, since patch samples were too short for analyses. Clean staple length was determined by standard procedures of ASTM (1988) . Clean staple strength was determined using an Agritest Staple Breaker System (Agritest Pty., Sydney, Australia) at the San Angelo Texas A and M University Research Station. Staple strength was analysed as the maximum load (Newtons) required to break a staple. To correct for differences in the size of staple tested, measures were standardized by linear density (g/cm = kilotex).
Skin biopsy samples were subjected overnight to a 12-step process of graded concentrations of ethanol, chloroform, xylene and paraffin wax using a Citadel tissue processor (Shandon Inc., Pittsburg, PA). After the final step, samples were immediately embedded with the epidermal surface uppermost into a mold of paraffin-polymer wax using a Histocenter II Embedder (Shandon Inc.). The embedded skin was transversely sectioned into 8-µm thick layers of wax ribbons starting from the epidermal surface to the base of hair follicles. Section samples were mounted on slides with at least five sectioned samples per slide. The mounted samples were stained using the adapted Sacpic stain method (Nixon, 1993) . Approximately 10 follicle bundles were scored for number of active and inactive primary and secondary follicles, allowing estimation of follicle density and percentages of active and inactive primary and secondary follicles (Nixon, 1993) .
Statistical analyses
Most data were analysed as a split-split-plot design, with a main plot of dietary treatment, subplot of litter size and sub-sub-plot of production state or phase (i.e. gestation and lactation) or day of measurement using MIXED model procedures for repeated measures (Littell et al., 1996) . Models consisted of supplementation frequency, litter size, phase or day and all interactions; random sources of variation were group within supplementation frequency and animal within group. Although, for staple strength and length determined on fleece harvested at the end of the experiment, phase and interactions involving phase were dropped from the model, and terms with litter size were dropped from models for feed intake. Also, measures on day 0, such as doe BW and skin measures, were used as covariates. For ruminal fluid and blood measures on different days of periods, mean values and those for day 1 were analysed as described above. To assess differences between or among days for 4X and 8X does, data were analysed within treatment with a model consisting of litter size, phase, day and all interactions; the random effect was group. Means were separated by least significant difference when overall F-values were significant (P < 0.05).
Because of differences in levels of supplemental maize between phases of the experiment, separate supplementation frequency and litter size means and SE are presented for the different phases or days. When interactions involving sup-plementation frequency and litter size were significant, interaction means were presented; main effects were listed with nonsignificant interactions regardless of significance.
RESULTS
Feed intake
Total and forage intakes were similar among treatments in gestation (periods 1-6), during kidding (periods 7-11) and after all does had kidded and were lactating (periods 12-15; Table 2 ). Although differences were not significant, during each segment (i.e. periods 1-6, 7-11 and 12-15) total intake was numerically greater with than without SBM supplementation. In this regard, average total intake during the entire experiment was lowest among treatments for C (P < 0.05). 0.042 ab means in a row without a common superscript letter differ (P<0.05) 1 C = no supplementation with soyabean meal; 1X = daily supplementation with 0.125% BW (DM) of soyabean meal; 4X = supplementation every fourth day with 0.5% BW (DM) of soyabean meal; 8X = supplementation every eighth day with 1% BW (DM) of soyabean meal 2 the experiment consisted of 15 8-day periods; gestation = periods 1-6; during kidding = periods 7-11 (approximately one-half of the does had kidded on day 57 in period 8); lactation = periods 12-15
Body weight
Doe BW was lowest among treatments for C throughout the experiment (P < 0.05; Table 3 ). However, the difference increased in magnitude as the experiment progressed. Does on 1X and 4X treatments had similar BW at all times. Conversely, on day 57 and 120 BW of 8X does was slightly less than for 1X and 4X does (P < 0.05). It is unclear why a similar difference did not exist in BW after kidding, since about 50% of does had kidded on day 57 and birth weight of kids for 8X was not different from that of 1X and 4X. Final kid BW was similar among treatments. Doe BW was similar between litter sizes on day 31, although on day 57 and 120 BW was greater for does with singles vs twins (P < 0.05). 
Mohair and skin follicles
There were no differences among treatments or between litter sizes in mohair fibre yield, diameter, length or strength (Table 4 ). Patch fibre growth was similar between litter sizes on day 1-57 and 58-120 and similar among supplementation frequency treatments on day 1-57. However, on day 58-120 fibre growth rate was greater for 1X compared with C and 4X (P < 0.05), and the mean for 8X was intermediate (P > 0.05). Skin follicle densities, activity of primary and secondary follicles and the primary:secondary follicle ratio were similar among supplementation frequencies and between litter sizes.
Ruminal fluid ammonia N and plasma urea N and glucose concentrations
The mean concentration of ammonia N in ruminal fluid during gestation was lower (P<0.05) for C than for 4X and 8X, although mean concentrations for 4X and 8X are largely influenced by the particular days chosen for sampling (Table 5 ). There was an interaction between supplementation frequency and litter size (P<0.05) in mean ammonia N concentration during lactation. Mean concentration was similar among treatments for does with single kids. However, the concentration for does with twin kids was lowest among treatments for C (P<0.05). On day 1 of gestation and lactation, when all treatment groups were supplemented, ruminal ammonia N concentration was similar between C and 1X. This was somewhat surprising considering greater CP intake for 1X. Although, samples were taken 4 h after feeding, which may have been later than the peak in concentration resulting from degradation of protein of SBM. Because of the high amount of SBM fed on day 1 for 8X, ammonia N concentration was greater (P<0.05) than for C and 1X in both gestation and lactation, but was similar to the concentration for 4X in gestation. Litter size did not influence ammonia N concentration on day 1 or mean concentration in gestation. On day 4 of the period, during both gestation and lactation, ruminal ammonia N concentration for 4X was less (P<0.05) than on day 1 (gestation: 9.9 vs 2.4 mg/dl, SE = 1.40; lactation: 6.4 vs 1.8 mg/dl for day 1 and 4, respectively). Similar findings were observed for 8X, with levels on day 4 and 7 not different but lower (P<0.05) than on day 1 of gestation and lactation (gestation: 12.8, 2.8 and 4.2 mg/dl, SE = 0.80; lactation: 12.5, 0.7 and 0.2 mg/dl for day 1, 4 and 7, respectively SE = 1.11). Day 1 and mean plasma urea N concentrations were not different among dietary treatments (Table 5) , in contrast to differences in ammonia N levels. Plasma urea N concentration for 4X does was greater (P<0.05) on day 1 vs 4 in gestation (12.2 vs 9.8 mg/dl; SE = 0.73), although the concentration was similar between days in lactation (10.4 and 9.2 mg/dl for day 1 and 4, respectively; SE = 2.26). For 8X does, in gestation plasma urea N concentration ranked (P < 0.05) day 1 > 4 > 7 (12.7, 9.4 and 7.0 mg/dl; SE = 0.99). However, a different ranking (P < 0.05) of day 1 > 7 > 4 was noted in lactation (13.1, 4.8 and 8.6 mg/dl for day 1, 4 and 7, respectively; SE = 2.19).
Glucose concentration on day 1 was higher (P<0.05) during gestation than lactation and was similar among supplementation frequencies (Table 5) . Glucose concentration on day 1 was similar among supplementation frequencies. Mean glucose concentration was not affected by dietary treatment during gestation, but in lactation was greatest among dietary treatments (P<0.05) for 8X. Mean glucose concentration and the concentration on day 1 during gestation were higher for litter size 1 vs 2 (P<0.05). For 4X, glucose concentration was greater (P<0.05) in gestation on day 4 than 1 (54.5 and 65.2 mg/dl for day 1 and 4, respectively; SE=3.74); however, values were similar during lactation (38.8 and 34.0 mg/dl for day 1 and 4, respectively; SE=5.00). Conversely, glucose concentration during gestation for 8X was greater (P<0.05) on day 1 and 4 vs 7 (64.5, 57.2 and 38.3 mg/dl for day 1, 4 and 7, respectively; SE=2.48), but ranked day 7 > 1 > 4 in lactation (38.3, 29.8 and 93.9 mg/dl on day 1, 4 and 7, respectively; SE=3.25).
DISCUSSION
Feedstuff composition
The high ratio of acid detergent lignin:neutral detergent fibre in prairie hay reflects low potential fibre digestibility, and the CP concentration indicates need for supplemental CP to achieve acceptable levels of performance by animals with moderate to high nutrient requirements.
Feed intake
A comparison of forage intake values in the different segments of the experiment indicates little effect of SBM supplementation in gestation compared with a tendency for stimulation later, the magnitude of which was slightly greater with higher nutrient requirements when all does were lactating than earlier. In addition to the possible influence of changing nutrient demands on the effect of supplementation with SBM on forage intake, it is possible that maize supplementation in the second part of the experiment had impact. Cereal grain supplementation of low protein forage can decrease fibre digestion by increasing ammonia used by amylolytic microorganisms, thereby decreasing availability for fibrolytics (McCollum and Horn, 1990) . However, based on differences between forage and total intake in the different periods of the experiment, it would not appear that maize supplementation had a marked effect on forage intake, in accordance with the generally lessening of adverse effects of starch supplementation on forage intake as forage quality declines (Horn and McCollum, 1987) . Similar total feed intake among 1X, 4X and 8X treatments is in agreement with findings of Huston et al. (1999b) .
Body weight
Lower BW loss for supplemented does than for C and similar BW and BW change between 1X and 4X agree with reports for other ruminant species (e.g., Huston et al., 1999a,b) . Differences in BW between 8X vs 1X and 4X were greater in lactation than gestation, most likely because of higher nutrient requirements in lactation that could have lessened N available for recycling.
The slightly greater difference in BW between litter sizes on day 120 than 57 reflects higher nutrient demands of nursing two kids than one. Also, that final kid BW was greater for single than for twin kids indicates that nutrient supplies for does with twins was not adequate to support maximal kid growth, although total change in litter BW for twin-kid litters was 6.4 kg compared with 4.1 kg for single-kid litters. Similar doe BW between litter sizes after birth is unclear, since total litter birth weight was 4.6 vs 3.2 kg for 2 and 1 litter sizes, respectively.
Mohair and skin follicles
Much greater mohair fibre diameter on day 58-120 than 1-57 may have been due to shedding observed in some does and presence of medullated fibres, as also suggested by slightly greater SE for days 58-120 vs 1-57. Clean fibre growth rates in the 100-cm 2 patches were fairly low compared with values noted by Litherland et al. (2000) , reflecting the low plane of nutrition in the present experiment and high nutrient demands of late gestation and early lactation. Also, the experiment occurred during a part of the year when growth is slightly less than in earlier and later periods (Litherland et al., 2000) .
Fibre growth rate and characteristics measured in the present experiment are in general agreement with reports of Morcombe et al. (1988) and Masters et al. (2002) , in which frequency of supplementation did not affect wool growth, mean fibre diameter, clean yield and(or) mean staple strength. Likewise, Calhoun et al. (1988) did not alter mohair fleece production or fibre diameter in male Angora goats by supplementing with cottonseed meal every 1, 2, 3, 4 or 5 days. Although variability in diameter along mohair fibres was not determined in the present experiment, the lack of differences among supplementation frequencies in staple strength suggests little or no impact, in contrast to findings of Peterson et al. (1998) with sheep exposed to longer periods of different nutritional planes. It appears that the nutritional plane in this experiment was not low enough, even with the C treatment, to decrease staple strength through follicle shutdown despite the elevated nutrient needs of gestation and lactation (Schlink et al., 2000) . This may be because Angora goats can exhibit greater fibre production per unit BW compared with sheep selected for wool production and, concomitantly, appear to partition nutrients for moderate to high rates of fibre growth regardless of nutrient restriction (Cronjé, 2000) .
In some sheep studies (Langlands, 1973; Robards, 1974) , long supplementation intervals have increased fibre growth, possibly as a result of shifts in digestion postruminally with high levels of supplements (Masters et al., 2002) . Use of SBM in the present experiment may partially explain why a similar response in fibre growth was not observed. Masters et al. (2002) noted lower wool fibre growth for weekly vs daily supplementation with lupin seed, consisting of protein highly degraded in the rumen, but an opposite difference was observed with expeller canola meal, having protein relatively less extensively degraded in the rumen. Soyabean meal protein is fairly high in ruminal degradability, perhaps more similar to lupin seed than expeller canola meal, and concentrations of sulphur-containing amino acids in soyabean and canola meals, and lupin seed are not greatly different.
That mohair fibre growth rate was not different between litter sizes reflects the high priority in nutrient partitioning to fibre growth, with a preference for loss of body energy stores to support greater gestation and lactation nutrient needs of does with two kids vs one rather than to sacrifice fibre growth. Nonetheless, even though Angoras partition nutrients to maintain fibre growth, mechanisms seem in place for support of reproductive processes via use of body adipose and lean tissues. However, for acceptable future reproductive performance, a high nutritional plane for does having reared twins would be required given the continued high priority for fibre growth as well as considerable body tissues to be replenished.
Ruminal fluid ammonia N and plasma urea N and glucose concentrations
Ruminal ammonia N levels were in accordance with level of SBM supplemented and day of sampling relative to the day of supplementation. The observed concentrations suggest that microbial growth and (or) digestion was limited for C does as well as for does on other treatments during significant periods of supplementation intervals (Miller, 1973; Satter and Slyter, 1974) . Similar plasma urea N levels among treatments on day 1 of the present experiment may be explained by a delayed response (e.g., 6-8 h) to infrequent supplementation. The difference in glucose concentration between gestation and lactation was probably because of greater use for milk synthesis than development of the gravid uterus.
CONCLUSIONS
Angora does in late gestation and early lactation consuming low quality forage can be supplemented with protein from SBM as infrequently as once every 4 days without adversely affecting BW. Less frequent supplementation, such as once every 8 days, may be as effective as supplementation daily or every 4 days with moderate nutrient requirements of late gestation. However, in early lactation with elevated nutritional demands, supplementation once every 8 days can increase BW loss compared with more frequent supplementation, although nutrient needs as impacted by litter size in this study did not influence BW response to supplementation frequency. Skin and fibre characteristics were not influenced by infrequent supplementation, except for an improvement in fibre growth rate on day 58-120 with daily supplementation compared with no supplementation or supplementation every 4 days. This finding, along with lower BW for 8X vs 1X and 4X, suggest a need for frequent supplementation, such as daily, to maintain BW and stimulate fibre production when nutrient demands of Angoras are high during lactation. Does with 2-vs 1-kid litters mobilized tissue energy reserves to provide nutrients for increased needs for gestation and lactation rather than to lessen mohair fibre growth. między 1 a 57 dniem niezależnie od zastosowanego dodatku paszy. Jednakże od 58 do 120 dnia tempo przyrostu włókna było większe (P < 0,05) u kóz grupy 1X w porównaniu z C i 4X (0,061; 0,089; 0,60 i 0,079% g/dzień/100 cm 2 w grupach C vs 1X, 4X i 8X, odpowiednio). W podsumowaniu autorzy stwierdzają, że nieczęste stosowanie dodatku SBM do dawki złożonej z niskiej jakości paszy objętościowej, np. raz na 8 dni, może być tak samo efektywne, jeżeli chodzi o wyniki produkcyjne, jak stosowanie dodatku codziennie lub co 4 dni, przy umiarkowanym zapotrzebowaniu na składniki pokarmowe przez kozy angorskie w późnym okresie ciąży. Jednakże dla utrzymania m.c. i być może stymulowania wzrostu wełny, codzienny dodatek może okazać się konieczny w okresie laktacji, niezależnie od wielkości miotu.
